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Pursuant to this Court’s Order [DE 3751], Plaintiffs file this Amended Consolidated 

Medical Monitoring Class Action Complaint on behalf of themselves and all others similarly 

situated, against the defendants named herein (“Defendants”), and seek equitable relief to remedy 

the harms caused by Defendants’ unlawful design, testing, manufacture, marketing, packaging, 

labeling, handling, distribution, storage, and/or sale of over-the-counter (“OTC”) and prescription 

ranitidine-containing medications sold under the brand name Zantac.1  Plaintiffs’ allegations are 

based upon personal knowledge as to Plaintiffs’ own conduct, investigation of counsel based on 

publicly available information, and the limited discovery conducted to date. 

I. INTRODUCTION 

Zantac is the branded name for ranitidine, a drug that was touted and sold for nearly four 

decades as a safe and effective heartburn and indigestion drug.  Zantac and other Ranitidine-

Containing Products were among the most popular heartburn drugs, used by thousands of people 

every day.  Indeed, Zantac was the first-ever “blockbuster” drug to reach $1 billion in sales. 

But recent scientific studies confirmed what Defendants knew or should have known 

decades ago: ranitidine transforms over time and under natural conditions into high levels of N-

 
1 All prescription and OTC ranitidine-containing medications, whether brand name, store brand, 

or generic, are referred to collectively as “Ranitidine-Containing Products.”  Brand name 

Ranitidine-Containing Products are referred to as Zantac. 

 

Plaintiffs file this AMMC to comply with the Court’s previous Orders—most recently its order 

requiring Plaintiffs to file an amended medical monitoring complaint that does not include “any 

counts that the Court dismissed with prejudice or without leave to amend” and which “fully 

conform[s] to the Court’s orders of dismissal.”  [DE 3751 at 1].  In doing so, Plaintiffs fully 

reserve all appellate rights.  Although “[a]n amended complaint supercedes and replaces the 

original complaint,” a plaintiff does not waive his right to appeal the dismissal of a claim in the 

original complaint by amending the complaint and omitting the dismissed claim.”  Reynolds v. 
Behrman Cap. IV L.P., 988 F.3d 1314, 1319-20 (11th Cir. 2021) (holding that a plaintiff “did 

not waive his right to appeal the district court’s dismissal of [a defendant] by failing to name 

[that defendant] in the amended complaint because amendment would have been futile”). 
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Nitrosodimethylamine (“NDMA”), a carcinogen that is potent and dangerous.  The U.S. Food and 

Drug Administration (“FDA”) recognizes NDMA as “a probable human carcinogen”2 and the 

World Health Organization has described it as “clearly carcinogenic.”3  Its only use is to induce 

cancerous tumors in animals as part of laboratory research and experiments; it has no medicinal 

purpose. 

In 2019, an analytical pharmacy ran tests on Zantac and discovered the link between 

ranitidine and NDMA and that ranitidine itself is unstable and can break down into NDMA, 

particularly in the environment of the stomach.  On September 13, 2019, the analytical pharmacy 

filed a citizen petition asking the FDA to recall all products that contain ranitidine.  In early 

October 2019, the FDA ordered testing on Zantac and other Ranitidine-Containing Products and 

specified the protocols for such testing.  Within days of the FDA’s announcement, certain 

Defendants recalled Zantac and Ranitidine-Containing Products in the United States and 

internationally.  On November 1, 2019, the FDA announced that its recent testing showed 

“unacceptable levels” of NDMA in Zantac and other Ranitidine-Containing Products and 

requested that all manufacturers recall Zantac and other Ranitidine-Containing Products.  

Ultimately, on April 1, 2020, the FDA called for a withdrawal of Zantac and all other Ranitidine-

Containing Products in the United States, citing unacceptable levels of NDMA in those drugs. 

While any exposure to NDMA can be harmful, the FDA has set an allowable daily limit 

(“ADI”) of 96 nanograms (ng) of NDMA.  Tests conducted by the FDA and on behalf of the 

Defendants themselves indicate that ranitidine contains NDMA in levels far in excess of the FDA’s 

 
2 https://www.fda.gov/news-events/press-announcements/fda-requests-removal-all-ranitidine-

products-zantac-market. 
3 R.G. Liteplo et al., Concise International Chemical Assessment Document 38: N-

Nitrosodimethylamine, World Health Organization (2002), https://www.who.int/ipcs/

publications/cicad/en/cicad38.pdf. 
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ADI even prior to ingestion.  Thus individuals (including Plaintiffs) who ingested Zantac and other 

Ranitidine-Containing Products for years have been exposed to unsafe levels of carcinogenic 

NDMA.  And that exposure has significantly increased their (and Plaintiffs’) risk of cancer4—

sometimes by more than 200%.  As a result, Plaintiffs and the Classes need medical monitoring 

that is different than routine medical treatment to permit early detection of the Subject Cancers, as 

well as treatments and/or medications. 

Medical monitoring is a recognized cause of action or form of relief (depending on state 

law) that allows a plaintiff and class members to obtain diagnostic medical examinations that are 

funded and/or reimbursed by a defendant, when the defendant’s tortious conduct has exposed the 

plaintiff and class members to an increased risk of harm that proximately causes the need for the 

comprehensive diagnostic examinations.   

In other words, medical monitoring recognizes that plaintiffs and class members can be 

significantly harmed, notwithstanding the latent exposure of that harm.  To obtain relief, plaintiffs 

generally must prove exposure to a hazardous substance at greater than background levels, caused 

by the defendant’s tortious conduct, which significantly increases the risk of contracting a serious 

latent disease.5  Typically, the proposed monitoring procedure must permit early detection, be 

reasonably necessary, and differ from routine medical treatment.6 

Some states do not require a present physical injury as a condition to obtaining medical 

monitoring relief; rather, the injury is the exposure to the toxic materials and concomitant increased 

risk of harm, and/or the expensive diagnostic examinations plaintiff will incur as a result of that 

 
4 These cancers include serious and potentially fatal bladder, breast, colorectal/intestinal, 

esophageal, gastric, kidney, liver, lung, pancreatic, and prostate cancers (the “Subject Cancers”). 
5  See, e.g., Petito v. A.H. Robins Co., Inc., 750 So. 2d 103, 106-07 (Fla. Dist. Ct. App. 1999). 
6 See, e.g., id. 
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increased risk.  Other states require a plaintiff to plead a physical manifestation (or present physical 

injury) of some sort, along with a significantly increased risk of harm.   

Plaintiffs and the Classes seek medical monitoring in 13 states where present physical 

injury is not required, 7 and where a significantly increased risk of harm (and/or related diagnostic 

examination costs) is a legally sufficient injury. 

Here, Defendants inter alia designed, manufactured, distributed, packaged, labeled, 

marketed, and/or sold Zantac without proper expiration dates and appropriate packaging; failed to 

ensure the proper conditions for the manufacture, transportation, handling, and storage of Zantac; 

and failed to disclose material facts regarding the safety of Zantac and the dangers and risks 

associated with its intended use.  In doing so, Defendants breached their respective duties to 

Plaintiffs and the Classes. 

This Amended Medical Monitoring Complaint is drafted and organized based on the 

Court’s previous Orders.  As detailed below, Plaintiffs, individually and on behalf of the Classes 

(comprised of individuals who ingested Defendants’ Zantac in specific identified States), seek 

medical monitoring as a result of their exposure to Defendants’ prescription and/or OTC Zantac 

under the law of the State(s) in which each Plaintiff resided at the time of use. 

II. JURISDICTION AND VENUE 

1. This Court has original subject-matter jurisdiction over this action under 28 U.S.C. 

§1331 (federal question) and 18 U.S.C. §1964 (civil remedies).  This Court also has subject matter 

jurisdiction over this action pursuant to 28 U.S.C. §1332, as amended by the Class Action Fairness 

Act of 2005, 28 U.S.C. §1332(d)(2), because: (a) there are at least 100 class members; (b) the 

 
7 Plaintiffs have removed their claims under Montana law pursuant to the Court’s recent orders. 

[D.E. 3720, 3751]. 
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matter in controversy exceeds $5 million, exclusive of interest and costs; and (c) at least one 

Plaintiff is a citizen of a different state than at least one Defendant.  In addition, this Court has 

supplemental jurisdiction over Plaintiffs’ state law claims under 28 U.S.C. §1367. 

2. This Court has personal jurisdiction over Defendants under Fla. Stat. Ann. §48.193 

and 18 U.S.C. §1965(b) and (d).  This Court also has pendent personal jurisdiction over 

Defendants. 

3. In addition and/or in the alternative, Defendants and/or their agents or alter egos 

each have significant contacts with each of the States and territories of the United States because 

they designed, manufactured, tested, marketed, labeled, packaged, handled, distributed, stored, 

and/or sold Ranitidine-Containing Products within each of the States and territories of the United 

States, and/or they derived revenue from the sale of their Ranitidine-Containing Products in each 

of the States and territories of the United States, through the purposeful direction of their activities 

to the States and territories of the United States and purposeful availment of the protections of the 

laws of the States and territories of the United States, such that personal jurisdiction would be 

proper in those States and territories under traditional notions of fair play and substantial justice. 

4. In addition and/or in the alternative, the district to which each Plaintiff’s action may 

be remanded upon conclusion of these pretrial proceedings pursuant to 28 U.S.C. §1407(a) will 

have personal jurisdiction over the Defendants who themselves or through an agent or alter ego 

are incorporated within that district, have a principal place of business in that district, or conduct 

a substantial amount of business in that district, such that they are essentially at home in that district 

and, thus, that personal jurisdiction would be proper in that district under traditional notions of fair 

play and substantial justice. 

5. Venue is proper in this District under 28 U.S.C. §1391(b) because a substantial part 
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of the events or omissions giving rise to Plaintiffs’ claims occurred in this District.  Defendants 

designed, manufactured, tested, marketed, labeled, packaged, handled, distributed, stored, and/or 

sold Ranitidine-Containing Products, and otherwise conducted extensive business, within this 

District.  In addition and/or in the alternative, venue is proper under 28 U.S.C. §1407(a) and the 

Conditional Transfer Orders of the Judicial Panel on Multidistrict Litigation. 

III. PARTIES 

A. Defendants 

6. Defendants are entities that designed, manufactured, marketed, distributed, labeled, 

packaged, handled, stored, and/or sold prescription and/or OTC Zantac. 

GlaxoSmithKline (GSK) 

7. Defendant GlaxoSmithKline LLC is a Delaware limited liability company with its 

principal place of business located at Five Crescent Drive, Philadelphia, Pennsylvania 19112.  

Defendant GlaxoSmithKline LLC’s sole member is Defendant GlaxoSmithKline (America) Inc., 

a Delaware corporation with its principal place of business in that state.  Defendant 

GlaxoSmithKline LLC is a citizen of Delaware. 

8. Defendant GlaxoSmithKline (America) Inc. is a Delaware corporation with its 

principal place of business located at 1105 North Market Street, Suite 622, Wilmington, Delaware 

19801.  Defendant GlaxoSmithKline (America) Inc. is a citizen of Delaware. 

9. Defendant GlaxoSmithKline plc is a public limited company formed and existing 

under the laws of the United Kingdom, having a principal place of business at 980 Great West 

Road, Brentford Middlesex XO, TW8 9GS, United Kingdom.  Defendant GlaxoSmithKline plc is 

a citizen of the United Kingdom. 

10. Defendants GlaxoSmithKline LLC and GlaxoSmithKline (America) Inc. are 
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subsidiaries of Defendant GlaxoSmithKline plc.8  Collectively, all of these entities shall be referred 

to as “GSK.”  Defendant GSK is a manufacturer, distributor, and seller of brand prescription and 

OTC Zantac. 

Pfizer 

11. Defendant Pfizer Inc.  (“Pfizer”) is a Delaware corporation with its principal place 

of business located at 235 East 42nd Street, New York, New York 10017.  Defendant Pfizer is a 

citizen of Delaware and New York.  Defendant Pfizer is a manufacturer, distributor, and seller of 

brand OTC Zantac. 

Boehringer Ingelheim (BI)9 

12. Defendant Boehringer Ingelheim Pharmaceuticals, Inc., is a Delaware corporation 

with its principal place of business located at 900 Ridgebury Road, Ridgefield, Connecticut 06877.  

Defendant Boehringer Ingelheim Pharmaceuticals, Inc., is a citizen of Delaware and Connecticut. 

13. Defendant Boehringer Ingelheim Corporation is a Nevada corporation with its 

principal place of business located at 900 Ridgebury Road, Ridgefield, Connecticut 06877.  

Defendant Boehringer Ingelheim Corporation is a citizen of Nevada and Connecticut. 

14. Defendant Boehringer Ingelheim USA Corporation is a Delaware corporation with 

its principal place of business located at 900 Ridgebury Road, Ridgefield, Connecticut 06877.  

Defendant Boehringer Ingelheim USA Corporation is a citizen of Delaware and Connecticut. 

15. Defendant Boehringer Ingelheim International GmbH is a limited liability 

 
8 Pursuant to the Joint Stipulation Relating to GlaxoSmithKline PLC [DE 1470], Defendant 

GlaxoSmithKline LLC stipulated that Defendants GlaxoSmithKline plc is an affiliated company, 

and that Defendant GlaxoSmithKline LLC is the proper party for purposes of all claims asserted 

against Defendant GlaxoSmithKline plc in this litigation. 
9 Defendant Boehringer Ingelheim also manufactured generic ranitidine under ANDA 074662, as 

well as through its former subsidiary Ben Venue Laboratories Inc. d/b/a Bedford Laboratories 

(ANDA 074764).  Ben Venue Laboratories Inc. is no longer in operation. 
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company formed and existing under the laws of Germany, having a principal place of business at 

Binger Strasse 173, 55216 Ingelheim AM Rhein, Rheinland-Phalz, Germany.  Defendant 

Boehringer Ingelheim International GmbH is a citizen of Germany. 

16. Defendant Boehringer Ingelheim Promeco, S.A. de C.V. is a foreign corporation 

organized and existing under the laws of Mexico with its principal place of business located at 

Maiz No. 49, Barrio Xaltocan, Xochimilco, Ciudad de Mexico, 16090 Mexico. Defendant 

Boehringer Ingelheim Promeco, S.A. de C.V. is a citizen of Mexico. 

17. Defendant Boehringer Ingelheim Pharmaceuticals, Inc. is a direct or indirect 

subsidiary of Defendants Boehringer Ingelheim Corporation and Boehringer Ingelheim USA 

Corporation, which are themselves wholly owned, directly or indirectly, by Defendant Boehringer 

Ingelheim International GmbH.10  Collectively, all of these entities and Defendant Boehringer 

Ingelheim Promeco, S.A. de C.V. shall be referred to as “Boehringer Ingelheim” or “BI.”  

Defendant BI is a manufacturer, distributor, and seller of brand OTC Zantac. 

Sanofi 

18. Defendant Sanofi-Aventis U.S. LLC is a Delaware limited liability company with 

its principal place of business located at 55 Corporate Drive, Bridgewater, New Jersey 08807.  

Defendant Sanofi-Aventis U.S. LLC’s sole member is Defendant Sanofi U.S. Services, Inc., a 

Delaware corporation with its principal place of business in New Jersey.  Defendant Sanofi-

Aventis U.S. LLC is a citizen of Delaware and New Jersey. 

19. Defendant Sanofi US Services Inc. is a Delaware corporation with its principal 

 
10 Pursuant to the Joint Stipulation Relating to Boehringer Ingelheim Defendants [DE 1478], 

Defendants Boehringer Ingelheim Pharmaceuticals, Inc. stipulated that Defendants Boehringer 

Ingelheim International GmbH and Boehringer Ingelheim Promeco, S.A. de C.V. are affiliated 

companies, and that Defendant Boehringer Ingelheim Pharmaceuticals, Inc. is the proper party 

for purposes of all claims asserted against Defendants Boehringer Ingelheim International GmbH 

and Boehringer Ingelheim Promeco, S.A. de C.V. in this litigation. 
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place of business located at 55 Corporate Drive, Bridgewater, New Jersey 08807.  Defendant 

Sanofi US Services Inc. is a citizen of Delaware and New Jersey. 

20. Sanofi SA11  is a corporation formed and existing under the laws of France, having 

a principal place of business at 54 Rue La Boetie, 8th Arrondissement, Paris, France 75008.  

Defendant Sanofi SA is a citizen of France. 

21. Defendant Patheon Manufacturing Services LLC is a Delaware limited liability 

company with its principal place of business located at 5900 Martin Luther King Jr. Highway, 

Greenville, North Carolina 27834.  Thermo Fisher Scientific, Inc. is the sole member of Defendant 

Patheon Manufacturing Services LLC.  Thermo Fisher Scientific, Inc. is a Delaware corporation 

with its principal place of business in Massachusetts.  Defendant Patheon Manufacturing Services 

LLC is a citizen of Delaware and Massachusetts. 

22. Defendant Chattem, Inc. is a Tennessee corporation with its principal place of 

business located at 1715 West 38th Street Chattanooga, Tennessee 37409.  Defendant Chattem, 

Inc. is a citizen of Tennessee.  Defendant Chattem, Inc purchased ranitidine and repackaged and/or 

relabeled it under its own brand. 

23. Defendants Sanofi-Aventis U.S. LLC and Sanofi US Services Inc., and Chattem, 

Inc.  are subsidiaries of Sanofi SA. Defendants Patheon Manufacturing Services LLC and 

Boehringer Ingelheim Promeco, S.A. de C.V. packaged and manufactured the finished Zantac 

product for Sanofi.  Collectively, all of these entities shall be referred to as “Sanofi.” Defendant 

Sanofi is a manufacturer, distributor, and seller of brand OTC Zantac. 

 
11 Sanofi, S.A. is not named as a Defendant in this complaint pursuant to the Joint Stipulation 

Relating to Sanofi Defendants [DE 1450], wherein], Defendants Sanofi-Aventis U.S. LLC and 

Sanofi US Services Inc. stipulated that Defendant Sanofi SA is an affiliated company, and that 

Defendants Sanofi-Aventis U.S. LLC and Sanofi US Services Inc. are the proper parties for 

purposes of all claims asserted against Sanofi SA relief sought in this litigation.   
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24. Defendants BI, GSK, Pfizer, and Sanofi, shall be referred to collectively as the 

“Defendants.”  At all relevant times, the Defendants have conducted business and derived 

substantial revenue from their design, manufacture, testing, marketing, labeling, packaging, 

handling, distribution, storage, and/or sale of Zantac within each of the States and Territories of 

the United States, Puerto Rico, and the District of Columbia.12  

B. Plaintiffs  
 

25. Plaintiffs are individuals who purchased and used Defendants’ Ranitidine-

Containing Products, as described below and infra, Section VI. 

26. Plaintiff Ida Adams (for the purpose of this paragraph, “Plaintiff”) is a citizen of 

Maryland.  Plaintiff purchased and used Ranitidine-Containing Products from approximately 2000 

to 2019 for heartburn and gastroesophageal reflux disease (“GERD”).  The Ranitidine-Containing 

Products purchased and used by Plaintiff specifically included the following, consumed once to 

three times daily depending on her condition: (a) OTC 150 mg Zantac tablets and capsules from 

approximately 2000 to 2005 in West Virginia while a citizen of West Virginia, manufactured by 

Pfizer and BI; (b) OTC 150 mg Zantac tablets and capsules from approximately 2005 to 2017 in 

Maryland while a citizen of Maryland, manufactured by Pfizer, BI and Sanofi; and (c) OTC 150 

mg Zantac tablets and capsules from approximately 2010 to 2012 in West Virginia while a citizen 

of Maryland, manufactured by BI.  Thus, Pfizer, BI and Sanofi are “Defendants” with respect to 

purchases made in Maryland while a citizen of Maryland, unless otherwise specified; and Pfizer 

and BI are “Defendants” with respect to purchases made in West Virginia while a citizen of West 

Virginia, unless otherwise specified. As a direct and proximate result of consuming Defendants’ 

Ranitidine-Containing Products, which were unsafe for human ingestion, Plaintiff is at a 

 
12 All references to “States” include Puerto Rico and the District of Columbia. 
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significantly increased risk for developing the Subject Cancers13 and is in need of regular 

monitoring. Plaintiff would not have consumed Defendants’ Ranitidine-Containing Products had 

Plaintiff known that doing so would subject Plaintiff to a significantly increased risk of developing 

the Subject Cancers, as well as the cost of medical monitoring and subsequent treatment. Thus, 

Plaintiff has suffered concrete injury as a result of Defendants’ wrongful conduct. 

27. Plaintiff Virginia Aragon (for the purpose of this paragraph, “Plaintiff”) is a citizen 

of California. Plaintiff purchased and used Ranitidine-Containing Products in California while a 

citizen of California from approximately 2006 to 2020 for heartburn. The Ranitidine-Containing 

Products purchased and used by Plaintiff specifically included the following, consumed daily: (a) 

OTC Zantac tablets and capsules of 75 mg and/or 150 mg  from approximately 2006 to 2020 

manufactured by Pfizer, BI, and Sanofi; and (b) prescription 300 mg generic ranitidine tablets and 

capsules from approximately 2006 to 2020. Thus, Pfizer, BI, and Sanofi are “Defendants” for the 

purposes of Plaintiff’s claims, unless otherwise specified. As a direct and proximate result of 

consuming Defendants’ Ranitidine-Containing Products, which were unsafe for human ingestion, 

Plaintiff is at a significantly increased risk for developing the Subject Cancers and is in need of 

regular monitoring. Plaintiff would not have consumed Defendants’ Ranitidine-Containing 

Products had Plaintiff known that doing so would subject Plaintiff to a significantly increased risk 

of developing the Subject Cancers, as well as the cost of medical monitoring and subsequent 

treatment. Thus, Plaintiff has suffered concrete injury as a result of Defendants’ wrongful conduct. 

28. Plaintiff Golbenaz Bakhtiar (for the purpose of this paragraph, “Plaintiff”) is a 

citizen of California. Plaintiff purchased and used Ranitidine-Containing Products in 

 
13 As set out above, the Subject Cancers include serious and potentially fatal bladder, breast, 

colorectal/intestinal, esophageal, gastric, kidney, liver, lung, pancreatic, and prostate cancers 

(“Subject Cancers”). 
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California while a citizen of California from approximately 2000 to December 2019 for acid reflux 

and GERD. The Ranitidine-Containing Products purchased and used by Plaintiff specifically 

included the following, consumed up to twice daily, depending on her condition, with occasional 

gaps of no longer than a week: (a) 150 mg prescription Zantac tablets and capsules beginning in 

approximately 2000, manufactured by GSK; (b) prescription 150 mg generic ranitidine tablets and 

capsules from approximately 2000 to 2019 that were used interchangeably throughout the time 

period with the brand; (c) 150 mg OTC Zantac tablets and capsules from approximately 2000 until 

2019, manufactured by Pfizer, BI, and Sanofi, when she needed an extra dose or ran out of her 

prescription; and (d) OTC 150 mg generic ranitidine tablets and capsules from approximately 2005 

to 2019, when she needed an extra dose or ran out of her prescription.  Thus, GSK, Pfizer, BI, and 

Sanofi are “Defendants” for the purposes of Plaintiff’s claims, unless otherwise specified. As a 

direct and proximate result of consuming Defendants’ Ranitidine-Containing Products, which 

were unsafe for human ingestion, Plaintiff is at a significantly increased risk for developing the 

Subject Cancers and is in need of regular monitoring. Plaintiff would not have consumed 

Defendants’ Ranitidine-Containing Products had Plaintiff known that doing so would subject 

Plaintiff to a significantly increased risk of developing the Subject Cancers, as well as the cost of 

medical monitoring and subsequent treatment. Thus, Plaintiff has suffered concrete injury as a 

result of Defendants’ wrongful conduct. 

29. Plaintiff Felicia Ball (for the purpose of this paragraph, “Plaintiff”) is a citizen of 

Pennsylvania.  Plaintiff purchased and used Ranitidine-Containing Products in Pennsylvania while 

a citizen of Pennsylvania from approximately 2000 to 2020 for irritable bowel syndrome. The 

Ranitidine-Containing Products purchased and used by Plaintiff during that time specifically 

included the following, consumed at least once per day: (a) prescription Zantac in 150 mg and/or 
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300 mg manufactured by GSK beginning in 2000; and (b) prescription 150 mg and 300 mg generic 

ranitidine tablets and capsules when her insurance would not pay for brand Zantac.  Thus, GSK is 

a “Defendant” for the purposes of Plaintiff’s claims, unless otherwise specified. As a direct and 

proximate result of consuming Defendants’ Ranitidine-Containing Products, which were unsafe 

for human ingestion, Plaintiff is at a significantly increased risk for developing the Subject Cancers 

and is in need of regular monitoring. Plaintiff would not have consumed Defendants’ Ranitidine-

Containing Products had Plaintiff known that doing so would subject Plaintiff to a significantly 

increased risk of developing the Subject Cancers, as well as the cost of medical monitoring and 

subsequent treatment. Thus, Plaintiff has suffered concrete injury as a result of Defendants’ 

wrongful conduct. 

30. Plaintiff Antrenise Campbell (for the purpose of this paragraph, “Plaintiff”) is a 

citizen of Missouri.  Plaintiff purchased and used Ranitidine-Containing Products in Missouri 

while a citizen of Missouri from approximately 1998 to 2015 for heartburn and acid reflux. The 

Ranitidine-Containing Products purchased and used by Plaintiff and consumed twice daily 

specifically included (a) prescription 150 mg generic ranitidine tablets and capsules from 

approximately 1998 to 2008; and (b) OTC 150 mg Zantac tablets and capsules from approximately 

2008 to 2013, manufactured by BI.  Thus, BI is a “Defendant” for the purposes of Plaintiff’s 

claims, unless otherwise specified. As a direct and proximate result of consuming Defendant’s 

Ranitidine-Containing Products, which were unsafe for human ingestion, Plaintiff is at a 

significantly increased risk for developing the Subject Cancers and is in need of regular 

monitoring. Plaintiff would not have consumed Defendant’s Ranitidine-Containing Products had 

Plaintiff known that doing so would subject Plaintiff to a significantly increased risk of developing 

the Subject Cancers, as well as the cost of medical monitoring and subsequent treatment. Thus, 
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Plaintiff has suffered concrete injury as a result of Defendant’s wrongful conduct. 

31. Plaintiff Teresa Dowler (for the purpose of this paragraph, “Plaintiff”) is a citizen 

of Indiana.  Plaintiff purchased and used Ranitidine-Containing Products from approximately 2011 

to December 2019 in Indiana while a citizen of Indiana for GERD. The Ranitidine-Containing 

Products Plaintiff purchased and used daily specifically included (a) prescription 150 mg Zantac 

tablets and capsules from approximately 2011 to 2013, manufactured by GSK; (b) OTC 150 mg 

Zantac tablets and capsules from approximately 2013 to 2018 manufactured by BI and Sanofi; and 

(c) prescription 150 mg generic ranitidine tablets and capsules from approximately 2018 to 

December 2019.  Thus, GSK, BI, and Sanofi are “Defendants” for the purposes of Plaintiff’s 

claims, unless otherwise specified. As a direct and proximate result of consuming Defendants’ 

Ranitidine-Containing Products, which were unsafe for human ingestion, Plaintiff is at a 

significantly increased risk for developing the Subject Cancers and is in need of regular 

monitoring. Plaintiff would not have consumed Defendants’ Ranitidine-Containing Products had 

Plaintiff known that doing so would subject Plaintiff to a significantly increased risk of developing 

the Subject Cancers, as well as the cost of medical monitoring and subsequent treatment. Thus, 

Plaintiff has suffered concrete injury as a result of Defendants’ wrongful conduct. 

32. Plaintiff Jonathan Ferguson (for the purpose of this paragraph, “Plaintiff”) is a 

citizen of Washington.  Plaintiff purchased and used Ranitidine-Containing Products from 

approximately 1996 to 2017 for heartburn and GERD.  The Ranitidine-Containing Products 

purchased and used by Plaintiff specifically included the following, consumed daily: (a) OTC 

Zantac tablets and capsules in approximately 1996 and 1999 in Nevada while a citizen of Nevada, 

manufactured by GSK and Pfizer; (b) OTC Zantac tablets and capsules from approximately 2007 

to 2012 in California while a citizen of California, manufactured by BI; and (c) OTC ranitidine 



 

27 

 

of developing the Subject Cancers, as well as the cost of medical monitoring and subsequent 

treatment. Thus, Plaintiff has suffered concrete injury as a result of Defendants’ wrongful conduct. 

35. Plaintiff Alberta Griffin (for the purpose of this paragraph, “Plaintiff”) is a citizen 

of Maryland.  Plaintiff purchased and used Ranitidine-Containing Products in Maryland while a 

citizen of Maryland from approximately 2000 to March 2020 for acid reflux. The Ranitidine-

Containing Products purchased and used by Plaintiff, consumed up to three times a day depending 

on her condition specifically included the following: (a) prescription Zantac tablets and capsules 

in increasing dosages beginning in approximately 2000, manufactured by GSK; (b) prescription 

150 mg generic ranitidine tablets and capsules from approximately 2013 to March 2020 when her 

insurance would not pay for brand; and (c) OTC 150 mg Zantac tablets and capsules from 

approximately 2000 to March 2020, manufactured by Pfizer, BI, and Sanofi when she ran out of 

her prescription.  Thus, GSK, Pfizer, BI, and Sanofi are “Defendants” for the purposes of Plaintiff’s 

claims, unless otherwise specified. As a direct and proximate result of consuming Defendants’ 

Ranitidine-Containing Products, which were unsafe for human ingestion, Plaintiff is at a 

significantly increased risk for developing the Subject Cancers and is in need of regular 

monitoring. Plaintiff would not have consumed Defendants’ Ranitidine-Containing Products had 

Plaintiff known that doing so would subject Plaintiff to a significantly increased risk of developing 

the Subject Cancers, as well as the cost of medical monitoring and subsequent treatment. Thus, 

Plaintiff has suffered concrete injury as a result of Defendants’ wrongful conduct. 

36. Plaintiff Lorie Kendall-Songer (for the purpose of this paragraph, “Plaintiff”) is a 

citizen of Missouri.  Plaintiff purchased and used Ranitidine-Containing Products from 

approximately 2012 to 2020 in Missouri while a citizen of Missouri for acid reflux and heartburn.  

The Ranitidine-Containing Products purchased and used by Plaintiff specifically included OTC 
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150 mg Zantac tablets and capsules, consumed once or twice per day, from approximately 2012 to 

2020, which were manufactured by BI and Sanofi.  Thus, BI and Sanofi are “Defendants” for the 

purposes of Plaintiff’s claims, unless otherwise specified. As a direct and proximate result of 

consuming Defendants’ Ranitidine-Containing Products, which were unsafe for human ingestion, 

Plaintiff is at a significantly increased risk for developing the Subject Cancers and is in need of 

regular monitoring.  Plaintiff would not have consumed Defendants’ Ranitidine-Containing 

Products had Plaintiff known that doing so would subject Plaintiff to a significantly increased risk 

of developing the Subject Cancers, as well as the cost of medical monitoring and subsequent 

treatment. Thus, Plaintiff has suffered concrete injury as a result of Defendants’ wrongful conduct. 

37. Plaintiff Ronda Lockett (for the purpose of this paragraph, “Plaintiff”) is a citizen 

of Texas.  Plaintiff purchased and used Ranitidine-Containing Products from approximately 1983 

to March 2020 for heartburn, acid reflux, and ulcers.  The Ranitidine-Containing Products Plaintiff 

purchased and used in Missouri while a citizen of Missouri specifically included (a) prescription 

Zantac tablets and capsules consumed twice daily from approximately 1990 to 1995, which were 

manufactured by GSK; and (b) OTC Zantac tablets and capsules consumed once daily from 

approximately 1996 to 2000, which were manufactured by GSK and Pfizer.  Thus, GSK and Pfizer 

are “Defendants” with respect to purchases made in Missouri while a citizen of Missouri, unless 

otherwise specified.  As a direct and proximate result of consuming Defendants’ Ranitidine-

Containing Products, which were unsafe for human ingestion, Plaintiff is at a significantly 

increased risk for developing the Subject Cancers and is in need of regular monitoring.  Plaintiff 

would not have consumed Defendants' Ranitidine-Containing Products had Plaintiff known that 

doing so would subject Plaintiff to a significantly increased risk of developing the Subject Cancers, 

as well as the cost of medical monitoring and subsequent treatment.  Thus, Plaintiff has suffered 



 

45 

 

cause cancer” in humans.31  The FDA recognizes that NDMA is “known to be toxic.”32 

87. The World Health Organization states that there is “conclusive evidence that 

NDMA is a potent carcinogen” and that there is “clear evidence of carcinogenicity.”33  NDMA 

belongs to the so-called “cohort of concern” which is a group of highly potent mutagenic 

carcinogens that have been classified as probable human carcinogens.34 

88. NDMA is among the chemicals known to the State of California to cause cancer 

(Title 27, California Code of Regulations, Section 27001), pursuant to California’s Safe Drinking 

Water and Toxic Enforcement Act of 1986 (Proposition 65). 

89. The European Medicines Agency “(EMA”) has referred to NDMA as “highly 

carcinogenic.”  It recommended that “primary attention with respect to risk for patients should be 

on these highly carcinogenic N-nitrosamines” (including NDMA), and categorized NDMA as “of 

highest concern with respect to mutagenic and carcinogenic potential.”35  

90. In 1989, the Agency for Toxic Substances and Disease Registry (ATSDR) stated 

that it is “reasonable to expect that exposure to NDMA by eating, drinking or breathing could 

cause cancer in humans” and that the “carcinogenicity of orally administered NDMA has been 

 
31 FDA Statement, Janet Woodcock, Director – Ctr. for Drug Evaluation & Research, Statement 

Alerting Patients and Health Care Professionals of NDMA Found in Samples of Ranitidine 

(Sept. 13, 2019), https://www.fda.gov/news-events/press-announcements/statement-alerting-

patients-and-health-care-professionals-ndma-found-samples-ranitidine. 
32 Amneal_prod 1 _ 0000002938. 
33 World Health Org., Guidelines for Drinking Water Quality, N-Nitrosodimethylamine (NDMA) 

(3d ed. 2008), https://www.who.int/water_sanitation_health/dwq/chemicals/ndmasummary_ 

2ndadd.pdf. 
34 International Council for Harmonisation of Technical Requirements for Pharmaceuticals for 

Human Use (ICH), Assessment and Control of DNA Reactive (Mutagenic) Impurities in 

Pharmaceuticals to Limit Potential Carcinogenic Risk, M7(R1), March 2017; 

https://database.ich.org/sites/default/files/M7_R1_Guideline.pdf. 
35 Nitrosamines EMEA-H-A5(3)-1490 - Assessment Report (europa.eu) (June 25, 2020), 

https://www.ema.europa.eu/en/documents/referral/nitrosamines-emea-h-a53-1490-assessment-

report_en.pdf. 
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demonstrated unequivocally in acute, intermediate and chronic durations studies” in animals and 

“it is important to recognize that this evidence also indicates that oral exposures of acute and 

intermediate duration are sufficient to induce cancer.”  Moreover, “hepatoxicity has been 

demonstrated in all animal species that have been tested and has been observed in humans who 

were exposed to NDMA by ingestion or inhalation.” 36 

91. The International Register of Potentially Toxic Chemicals (IRPTC 1988) lists 

regulations imposed by 13 countries for NDMA for occupational exposure, packing, storing and 

transport, disposal, and warns of its probable human carcinogenicity and its high level of toxicity 

by ingestion or inhalation. 

92. The Occupational Safety and Health Administration classifies NDMA as “a 

carcinogen” that requires special and significant precautions along with specific hazard 

warnings.37 

93. A review of Defendants’ own internal documents reveals that there is simply no 

question of material fact that it has been widely known within the medical and scientific 

community for over 40 years that NDMA is toxic and a known carcinogen. 

94. In September 2019, Defendant GSK  

 

38  In addition, GSK 

  Id.  GSK 

 
36 ATSDR Toxicological Profile For N-Nitrosodimethylamine (December 1989), http://www.

atsdr.cdc.gov/toxprofiles/tp141.pdf. 
37 29 C.F.R §1910.1003 (2012). 
38 GSKZAN0000236640. 
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39 GSKZAN0000369506. 
40 GSKZAN0000257640. 
41 Id. 
42 GSKZAN0000163882. 
43 See GSK Dear HCP Letter, (October 3, 2019), publicly available (for example, https://www. 

hpra. ie/docs/default-source/Safety-Notices/gsk-hcp-letter-03oct2019.pdf). 
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97. Likewise, Defendant Sanofi  
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98. Non-Party Dr. Reddy’s  
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44 GSKZAN0000178581. 
45 GSKZAN0000172037. 
46 SANOFI_ZAN_MDL_0000169790. 
47 SANOFI_ZAN_MDL_0000206858. 
48 DRLMDL0000077291. 
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100. Non-Party Apotex  
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101. Non-Party Glenmark admits in its recall notification letter that “a carcinogenic 

impurity, NDMA, has been found in ranitidine medications at levels exceeding the FDA allowable 

limit.”53 

102.   

103. As early as 1980, consumer products containing unsafe levels of NDMA and other 

nitrosamines have been recalled by manufacturers, either voluntarily or at the direction of the FDA. 

104. Most recently, beginning in the summer of 2018, there have been recalls of several 

generic drugs used to treat high blood pressure and heart failure – Valsartan, Losartan, and 

 
49DRLMDL0000070414. 
50 Id.  
51 DRLMDL0000069991. 
52 ApotexCorp_0000030734. 
53 GiantEagle_MDL2924_00000303. 
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Irbesartan – because the medications contained nitrosamine impurities that do not meet the FDA’s 

safety standards.   

105. This continued in 2020 when the FDA required recalls of numerous generic 

manufacturers’ metformin, including metformin made by Apotex, Amneal, Granules, Sun 

Pharmaceuticals, Nostrum, and Teva.54 

106. NDMA is a genotoxin which interacts with DNA and may subsequently induce 

mutations.  Genotoxins are not considered to have a safe threshold or dose due to their ability to 

alter DNA.  

107. The FDA has set an acceptable daily intake (“ADI”) level for NDMA at 96 ng.  

That means that consumption of 96 ng of NDMA a day would increase the risk of developing 

cancer by 0.001% over the course of a lifetime.  That risk increases as the level of NDMA exposure 

increases.  However, any level above 96 ng is considered unacceptable.55 

108. In studies examining carcinogenicity through oral administration, mice exposed to 

NDMA developed cancer in the kidney, bladder, liver, and lung.  In comparable rat studies, cancers 

were observed in the liver, kidney, pancreas, and lung.  In comparable hamster studies, cancers 

were observed in the liver, pancreas, and stomach.  In comparable guinea-pig studies, cancers were 

observed in the liver and lung.  In comparable rabbit studies, cancers were observed in the liver 

and lung. 

109. In other long-term animal studies in mice and rats utilizing different routes of 

 
54 U.S. Food & Drug Admin., FDA Updates and Press Announcements on NDMA in Metformin 

(Jan. 6, 2021), https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-press-

announcements-ndma-metformin. 
55 U.S. Food & Drug Admin., FDA Updates and Press Announcements on Angiotensin II Receptor 

Blocker (ARB) Recalls (Valsartan, Losartan, and Irbesartan) (Feb. 28, 2019), 

https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-press-announcements-

angiotensin-ii-receptor-blocker-arb-recalls-valsartan-losartan. 
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exposures – inhalation, subcutaneous injection, and intraperitoneal (abdomen injection) – cancer 

was observed in the lung, liver, kidney, nasal cavity, and stomach. 

110. Prior to the withdrawal of ranitidine, it was considered a category B drug for birth 

defects, meaning it was considered safe to take during pregnancy.  Yet animals exposed to NDMA 

during pregnancy birthed offspring with elevated rates of cancer in the liver and kidneys. 

111. NDMA is a very small molecule.  That allows it to pass through the blood-brain 

and placental barrier.  This is particularly concerning as ranitidine has been marketed for pregnant 

women and young children for years. 

112. Exposure to high levels of NDMA has been linked to liver damage in humans.56 

113. Numerous in vitro studies confirm that NDMA is a mutagen – causing genetic 

mutations in human and animal cells. 

114. Overall, the animal data demonstrates that NDMA is carcinogenic in all animal 

species tested: mice; rats; Syrian golden, Chinese and European hamsters; guinea pigs; rabbits; 

ducks; mastomys; fish; newts; and frogs. 

115. The EPA classified NDMA as a probable human carcinogen “based on the 

induction of tumors at multiple sites in different mammal species exposed to NDMA by various 

routes.”57 

116. Pursuant to EPA cancer guidelines, “tumors observed in animals are generally 

assumed to indicate that an agent may produce tumors in humans.”58 

117. In addition to the overwhelming animal data linking NDMA to cancer, there are 

 
56 See EPA Technical Fact Sheet, supra note 23. 
57 Id. 
58 See U.S. Envtl. Protection Agency, Risk Assessment Forum, Guidelines for Carcinogen Risk 

Assessment (Mar. 2005), https://www3.epa.gov/airtoxics/cancer_guidelines_final_3-25-05.pdf.  
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numerous human epidemiological studies exploring the effects of dietary exposure to various 

cancers.  These studies consistently show increased risks of various cancers.  

118. In a 1995 epidemiological case-control study looking at NDMA dietary exposure 

with 220 cases, researchers observed a statistically significant 700% increased risk of gastric 

cancer in persons exposed to more than 0.51 micrograms/day.59   

119. In a 1995 epidemiological case-control study looking at NDMA dietary exposure 

with 746 cases, researchers observed statistically significant elevated rates of gastric cancer in 

persons exposed to more than 0.191 micrograms/day.60 

120. In another 1995 epidemiological case-control study looking at, in part, the effects 

of dietary consumption on cancer, researchers observed a statistically significant elevated risk of 

developing aerodigestive cancer after being exposed to NDMA at 0.179 micrograms/day.61 

121. In a 1999 epidemiological cohort study looking at NDMA dietary exposure with 

189 cases and a follow up of 24 years, researchers noted that “N-nitroso compounds are potent 

carcinogens” and that dietary exposure to NDMA more than doubled the risk of developing 

colorectal cancer.62 

122. In a 2000 epidemiological cohort study looking at occupational exposure of 

workers in the rubber industry, researchers observed significant increased risks for NDMA 

 
59 Pobel et al., Nitrosamine, Nitrate and Nitrite in Relation to Gastric Cancer: A Case-control 

Study in Marseille, France, 11 Eur. J. Epidemiol. 67-73 (1995). 
60 La Vecchia, et al., Nitrosamine Intake & Gastric Cancer Risk, 4 Eur. J. Cancer Prev. 469-74 

(1995). 
61 Rogers et al., Consumption of Nitrate, Nitrite, and Nitrosodimethylamine and the Risk of Upper 

Aerodigestive Tract Cancer, 5 Cancer Epidemiol. Biomarkers Prev. 29–36 (1995). 
62 Knekt et al., Risk of Colorectal and Other Gastro-Intestinal Cancers after Exposure to Nitrate, 

Nitrite and N-nitroso Compounds: A Follow-Up Study, 80 Int. J. Cancer 852–56 (1999). 
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exposure for esophagus, oral cavity, and pharynx cancer.63 

123. In a 2011 epidemiological cohort study looking at NDMA dietary exposure with 

3,268 cases and a follow up of 11.4 years, researchers concluded that “[d]ietary NDMA intake was 

significantly associated with increased cancer risk in men and women” for all cancers, and that 

“NDMA was associated with increased risk of gastrointestinal cancers” including rectal cancers.64 

124. In a 2014 epidemiological case-control study looking at NDMA dietary exposure 

with 1,760 cases, researchers found a statistically significant elevated association between NDMA 

exposure and rectal cancer.65 

125. NDMA is also known to be genotoxic – meaning, it can cause DNA damage in 

human cells.  Indeed, multiple studies demonstrate that NDMA is genotoxic both in vivo and in 

vitro.  However, recent studies have shown that the ability of NDMA to cause mutations in cells 

is affected by the presence of enzymes typically found in living humans, suggesting that “humans 

may be especially sensitive to the carcinogenicity of NDMA.”66 

126. In addition to studies demonstrating that NDMA directly causes cancer, research 

shows that exposure to NDMA (a:) can exacerbate existing but dormant (i.e., not malignant) tumor 

cells; (b) promote otherwise “initiated cancer cells” to develop into cancerous tumors; and (c) 

reduce the ability of the body to combat cancer as NDMA is immunosuppressive.  Thus, in addition 

to NDMA being a direct cause of cancer itself, NDMA can also be a contributing factor to a cancer 

 
63 Straif et al., Exposure to High Concentrations of Nitrosamines and Cancer Mortality Among a 

Cohort of Rubber Workers, 57 Occup. Envtl. Med 180–87 (2000). 
64 Loh et al., N-nitroso Compounds and Cancer Incidence: The European Prospective 

Investigation into Cancer and Nutrition (EPIC)�±Norfolk Study, 93 Am. J. Clinical Nutrition 

1053–61 (2011). 
65 Zhu et al., Dietary N-nitroso Compounds and Risk of Colorectal Cancer: A Case-control Study 

in Newfoundland and Labrador and Ontario, Canada, 111 Brit. J. Nutrition 6, 1109–17 (2014). 
66 World Health Org., supra note 33. 
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injury caused by some other source. 

3. NDMA Is Discovered in Ranitidine-Containing Products, Leading to Market 

Withdrawal 

127. On September 9, 2019, pharmacy and testing laboratory Valisure LLC and 

ValisureRX LLC (collectively, “Valisure”) filed a Citizen Petition calling for the recall of all 

Ranitidine-Containing Products due to detecting exceedingly high levels of NDMA when testing 

ranitidine pills using gas chromatography-mass spectrometry.  FDA and European regulators 

started reviewing the safety of ranitidine with specific focus on the presence of NDMA.67  This set 

off a cascade of recalls by Defendants. 

128. On September 13, 2019, the FDA’s Director for Drug Evaluation and Research, Dr. 

Janet Woodcock, issued a statement warning that some ranitidine medicines may contain 

NDMA.68 

129. On September 24, 2019, Sandoz voluntarily recalled all of its Ranitidine-

Containing Products due to concerns of a “nitrosamine impurity, N-nitrosodimethylamine 

(NDMA), which was found in the recalled medicine.”69 

130. On September 26, 2019, Non-Parties Apotex, Walgreens, Walmart, and Rite Aid 

voluntarily recalled all ranitidine products and removed them from shelves.70  Apotex issued a 

 
67 FDA Statement, Woodcock, supra note 31; Press Release, European Medicines Agency, EMA 

to Review Ranitidine Medicines Following Detection of NDMA (Sept. 13, 2019), 

https://www.ema.europa.eu/en/news/ema-review-ranitidine-medicines-following-detection-

ndma. 
68 FDA Statement, Woodcock, supra note 31. 
69 FDA News Release, U.S. Food & Drug Admin., FDA Announces Voluntary Recall of Sandoz 

Ranitidine Capsules Following Detection of an Impurity (Sept. 24, 2019), 

https://www.fda.gov/news-events/press-announcements/fda-announces-voluntary-recall-

sandoz-ranitidine-capsules-following-detection-impurity. 
70 U.S. Food & Drug Admin., FDA Updates and Press Announcements on NDMA in Zantac 

(ranitidine) (Sept. 26, 2019), https://www.fda.gov/drugs/drug-safety-and-availability/fda-

updates-and-press-announcements-ndma-zantac-ranitidine. 
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statement, noting that “Apotex has learned from the U.S. Food and Drug Administration and other 

Global regulators that some ranitidine medicines including brand and generic formulations of 

ranitidine regardless of the manufacturer, contain a nitrosamine impurity called N-

nitrosodimethylamine (NDMA).”71 

131. On September 28, 2019, Non-Party CVS stated that it would stop selling Zantac 

and its CVS Health Store-Brand ranitidine out of concern that it might contain a carcinogen.   

132. On October 2, 2019, the FDA ordered manufacturers of ranitidine to test their 

products and recommended using a liquid chromatography with high resolution mass spectrometer 

(“LC-HRMS”) testing protocol, which “does not use elevated temperatures.”72 

133. On October 8, 2019, Defendant GSK voluntarily recalled all Ranitidine-Containing 

Products internationally.73  As part of the recall, GSK publicly acknowledged that unacceptable 

levels of NDMA were discovered in Zantac and noted that “GSK is continuing with investigations 

into the potential source of the NDMA.”74   

134. On October 18 and 23, 2019, Defendant Sanofi and generic manufacturer Dr. 

 
71 Company Announcement, U.S. Food & Drug Admin., Apotex Corp. Issues Voluntary 

Nationwide Recall of Ranitidine Tablets 75mg and 150mg (All Pack Sizes and Formats) Due to 
the Potential for Detection of an Amount of Unexpected Impurity, N-nitrosodimethylamine 
(NDMA) Impurity in the Product (Sept. 25, 2019), https://www.fda.gov/safety/recalls-market-

withdrawals-safety-alerts/apotex-corp-issues-voluntary-nationwide-recall-ranitidine-tablets-

75mg-and-150mg-all-pack-sizes-and. 
72 U.S. Food & Drug Admin., FDA Updates and Press Announcements on NDMA in Zantac 

(ranitidine) (Oct. 2, 2019), https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-

and-press-announcements-ndma-zantac-ranitidine. 
73 Press Release, Gov. UK, Zantac �± MHRA Drug Alert Issued as GlaxoSmithKline Recalls All 

Unexpired Stock (Oct. 8, 2019), https://www.gov.uk/government/news/zantac-mhra-drug-alert-

issued-as-glaxosmithkline-recalls-all-unexpired-stock. 
74 Justin George Varghese, GSK Recalls Popular Heartburn Drug Zantac Globally After Cancer 

Scare, Reuters (Oct. 8, 2019), https://www.reuters.com/article/us-gsk-heartburn-zantac/gsk-

recalls-popular-heartburn-drug-zantac-globally-after-cancer-scare-idUSKBN1WN1SL.  
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Reddy’s voluntarily recalled all of their Ranitidine-Containing Products.75   

135. On October 28, 2019, generic manufacturer Perrigo voluntarily recalled all of its 

Ranitidine-Containing Products.76  

136. In its recall notice, Perrigo stated, “[a]fter regulatory bodies announced that 

ranitidine may potentially contain NDMA, Perrigo promptly began testing of its externally sourced 

ranitidine API (active pharmaceutical ingredient) and ranitidine-based products.  On October 8, 

2019, Perrigo halted shipments of the product based upon preliminary results.  Based on the totality 

of data gathered to date, Perrigo has made the decision to conduct this voluntary recall.”77   

137. On November 1, 2019, the FDA announced the results of recent testing, finding 

unacceptable levels of NDMA in Ranitidine-Containing Products, and requested that drug makers 

begin to voluntarily recall their Ranitidine-Containing Products if the FDA or manufacturers 

discovered NDMA levels above the acceptable limits.78 

138. On December 4, 2019, the FDA issued a statement notifying consumers who 

wished to continue taking ranitidine to consider limiting their intake of nitrite-containing foods, 

e.g., processed meats and preservatives like sodium nitrite.79  This advice mirrored an admonition 

 
75 U.S. Food & Drug Admin., FDA Updates and Press Announcements on NDMA in Zantac 

(ranitidine) (Oct. 23, 2019), https://www.fda.gov/drugs/drug-safety-and-availability/fda-

updates-and-press-announcements-ndma-zantac-ranitidine.  
76 Id. 
77 Company Announcement, U.S. Food & Drug Admin., Perrigo Company plc Issues Voluntary 

Worldwide Recall of Ranitidine Due to Possible Presence of Impurity, N-nitrosodimethylamine 
(NDMA) Impurity in the Product (Oct. 23, 2019), https://www.fda.gov/safety/recalls-market-

withdrawals-safety-alerts/perrigo-company-plc-issues-voluntary-worldwide-recall-ranitidine-

due-possible-presence-impurity-n. 
78 U.S. Food & Drug Admin., Laboratory Tests | Ranitidine, https://www.fda.gov/drugs/drug-

safety-and-availability/laboratory-tests-ranitidine (content current as of Nov. 1, 2019).  
79 U.S. Food & Drug Admin., FDA Updates and Press Announcements on NDMA in Zantac 

(ranitidine) (Dec. 4, 2019), https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-

and-press-announcements-ndma-zantac-ranitidine. 



 

57 

 

issued by Italian scientists in 1981 after finding that ranitidine reacted with nitrites in vitro to form 

toxic and mutagenic effects in bacteria.  The prudent advice of Dr. Silvio de Flora published in 

October 1981 in The Lancet was to “avoid nitrosation as far as possible by, for example, suggesting 

a diet low in nitrates and nitrites, by asking patients not to take these at times close to (or with) 

meals or by giving inhibitors of nitrosation such as ascorbic acid.”80  If GSK had only heeded Dr. 

de Flora’s advice in 1981, millions of people might have avoided exposure to NDMA formed as a 

result of ranitidine’s interaction with the human digestive system. 

139. Between November 1, 2019, and February 27, 2020, generic manufacturers Amneal 

and Glenmark recalled their products from the market, citing NDMA concerns.81 

140. On January 2, 2020, research laboratory, Emery Pharma, submitted a Citizen 

Petition to the FDA, showing that the ranitidine molecule is heat-liable and under certain 

temperatures progressively accumulates NDMA. 

141. Emery’s Citizen Petition outlined its substantial concern that ranitidine is a time- 

and temperature-sensitive pharmaceutical product that develops NDMA when exposed to heat, a 

common occurrence during shipping, handling, and storage.  Emery requested that the FDA issue 

a directive to manufacturers to clearly label ranitidine with a warning that “by-products that are 

probable carcinogens can be generated if exposed to heat.”  In addition to warning about this 

condition, Emery requested agency directives to manufacturers and distributors to ship ranitidine 

products in temperature-controlled vehicles.82 

 
80 Silvio de Flora, Cimetidine, Ranitidine and Their Mutagenic Nitroso Derivatives, The Lancet, 

Oct. 31, 1981, at 993-94. 
81 See generally U.S. Food & Drug Admin., FDA Updates and Press Announcements on NDMA 

in Zantac (ranitidine) https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-

press-announcements-ndma-zantac-ranitidine (content current as of Apr. 16, 2020).  
82 Emery Pharma FDA Citizen Petition (Jan. 2, 2020) https://emerypharma.com/news/emery-

pharma-ranitidine-fda-citizen-petition/. 
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142. In response,83 on April 1, 2020, the FDA recounted that a recall is an “effective 

methods [sic] of removing or correcting defective FDA-regulated products . . . particularly when 

those products present a danger to health.”84  The FDA sought the voluntary consent of 

manufacturers to accept the recall “to protect the public health from products that present a risk of 

injury.”85  The FDA found that the recall of all Ranitidine-Containing Products and a public 

warning of the recall was necessary because the “product being recalled presents a serious health 

risk.”86  The FDA therefore sent Information Requests to all applicants and pending applicants of 

Ranitidine-Containing Products “requesting a market withdrawal.”87 

143. The FDA found its stability testing raised concerns that NDMA levels in some 

Ranitidine-Containing Products stored at room temperature can increase with time to unacceptable 

levels.  In the same vein, FDA testing revealed that higher NDMA levels were found as the 

products approached their expiration dates.  The FDA’s testing eroded the agency’s confidence 

that any Ranitidine-Containing Product would remain stable through its labeled expiration date.  

Consequently, the FDA requested a market withdrawal of all ranitidine products.  The FDA also 

announced to the public that the Agency’s laboratory tests indicate that temperature and time 

contribute to an increase in NDMA levels in some ranitidine products.  The FDA’s decision to 

withdraw the drug rendered moot Emery’s request for temperature-controlled shipping conditions. 

144. The FDA’s reaction was consistent with comparable regulatory action throughout 

the world.  Before the FDA acted, over 43 different countries and jurisdictions restricted or banned 

 
83 Letter of Janet Woodcock, U.S. Food & Drug Admin., Docket No. FDA-2020-P-0042 (Apr. 1, 

2020), available at https://emerypharma.com/wp-content/uploads/2020/04/FDA-2020-P-0042-

CP-Response-4-1-2020.pdf. 
84 Id. at 5 (citing 21 CFR 7.40(a)). 
85 Id. 
86 Id. at 7. 
87 Id. at 10 n.43. 
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Ranitidine-Containing Products.88 

145. The European Medicines Agency (“EMA”), the Union’s EU equivalent to the FDA, 

through an Article 31 Referral, determined the sale of all Ranitidine-Containing Products should 

be suspended on September 19, 2019.  On April 30, 2020, the Human Medicines Committee of 

the EMA “has recommended the suspension of all ranitidine medicines in the EU due to the 

presence of low levels of an impurity called N-nitrosodimethylamine (NDMA).”  The EMA 

recognizes NDMA as a probable human carcinogen and issued a “precautionary suspension of 

these medicines in the EU” because “NDMA has been found in several ranitidine medicines above 

levels considered acceptable, and there are unresolved questions about the source of the 

impurities.”89   

146. On September 17, 2020, after a ranitidine manufacturer requested that the EMA re-

examine its decision and permit ranitidine to be marketed again in the EU, the EMA confirmed its 

prior recommendation to suspend all ranitidine medicines in the EU due to the presence of NDMA 

noting that it is a probable human carcinogen and that there is evidence that NDMA forms from 

the degradation of ranitidine itself with increasing levels seen over shelf life.90 

B. THE SCIENCE 

1. How Ranitidine Transforms into NDMA 

147. The ranitidine molecule itself contains the constituent molecules to form NDMA.  

 
88 Margaret Newkirk & Susan Berfield, FDA Recalls Are Always Voluntary and Sometimes 

Haphazard �± and The Agency D�R�H�V�Q�¶�W���:�D�Q�W���0�R�U�H���$�X�W�K�R�U�L�W�\���W�R���3�U�R�W�H�F�W���&�R�Q�V�X�P�H�U�V, Bloomberg 

Businessweek (Dec. 3, 2019), https://www.bloomberg.com/graphics/2019-voluntary-drug-

recalls-zantac/. 
89 Eur. Med. Agency, Suspension of Ranitidine Medicines in the EU (Apr. 30, 2020), 

https://www.ema.europa.eu/en/documents/referral/ranitidine-article-31-referral-suspension-

ranitidine-medicines-eu_en.pdf. 
90 Eur. Med. Agency, EMA Confirms Recommendation to Suspend All Ranitidine Medicines in 

the EU (Nov. 24, 2020), https://www.ema.europa.eu/en/documents/referral/ranitidine-article-31-

referral-ema-confirms-recommendation-suspend-all-ranitidine-medicines-eu_en.pdf. 
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See Figure 1.  

 

148. The degradation occurs independently in two parts of the ranitidine molecule, with 

the products of the degradation combining to produce NDMA. 

149. The formation of NDMA by the reaction of DMA and a nitroso source (such as a 

nitrite) is well characterized in the scientific literature and has been identified as a concern for 

contamination of the U.S. water supply.91  Indeed, in 2003, alarming levels of NDMA in drinking 

water processed by wastewater-treatment plants were specifically linked to the presence of 

ranitidine.92 

150. The high levels of NDMA observed in Ranitidine-Containing Products are a 

function of various factors.  The ranitidine molecule internally degrades to form NDMA.  The 

degradation of ranitidine can increase over time under normal storage conditions, but more so with 

exposure to heat and/or humidity.  Once in the body, ranitidine continues to degrade and can yield 

increasing levels of NDMA in the human digestive system, and when it interacts with nitrogenous 

 
91 Ogawa et al., Purification and Properties of a New Enzyme, NG, NG-dimethylarginine 

Dimethylaminohydrolase, from Rat Kidney, 264 J. Bio. Chem. 17, 10205–209 (1989). 
92 Mitch et al., N-Nitrosodimethylamine (NDMA) as a Drinking Water Contaminant: A Review, 20 

Env. Eng. Sci. 5, 389–404 (2003). 

Figure 1 – Diagram of Ranitidine & NDMA Molecules 
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products.   

2. Formation of NDMA in the Environment of the Human Stomach 

151. When the ranitidine molecule is exposed to the acidic environment of the stomach, 

particularly when accompanied by nitrites (a chemical commonly found in heartburn-inducing 

foods), the Nitroso molecule (0=N) and the DMA molecule (H3C-N-CH3) break off and reform as 

NDMA.   

152. In 1981, Dr. Silvio de Flora, an Italian researcher from the University of Genoa, 

published the results of experiments he conducted on ranitidine in the well-known journal, The 

Lancet.  When ranitidine was exposed to human gastric fluid in combination with nitrites, his 

experiment showed “toxic and mutagenic effects.”93  Dr. de Flora hypothesized that these 

mutagenic effects could have been caused by the “formation of more than one nitroso derivative 

[which includes NDMA] under our experimental conditions.”  Id.  Dr. de Flora cautioned that, in 

the context of ranitidine ingestion, “it would seem prudent to . . . suggest[] a diet low in nitrates 

and nitrites, by asking patients not to take these at times close to (or with) meals.”94  Id. 

153. GSK knew of Dr. de Flora’s publication because, two weeks later, GSK responded 

in The Lancet, claiming that the levels of nitrite needed to induce the production of nitroso 

derivatives (i.e., NDMA) were not likely to be experienced by people in the real world.95 

154. This response reflects GSK’s reputation for “adopting the most combative, 

 
93 De Flora, supra note 80. 
94 This admonition came two years before the FDA approved Zantac in 1983.  Notwithstanding, 

in 1998 GSK applied for and obtained an indication for OTC Zantac “[f]or the prevention of 

meal-induced heartburn at a dose of 75 mg taken 30 to 60 minutes prior to a meal.”  See Ctr. for 

Drug Eval. & Research, Approval Package (June 8, 1998), available at 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/98/20520s1_Zantac.pdf. So GSK 

specifically invited patients to take Zantac shortly before eating heartburn-inducing food. 
95 R. T., Brittain et al., Safety of Ranitidine, The Lancet 1119 (Nov. 14, 1981). 
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scorched-earth positions in defense of its brands.”96  The company has no compunctions against 

distorting objective science to maintain its lucrative monopoly franchises, and its egregious 

conduct surrounding Zantac is not some isolated incident. 

155. GSK endangered patient health while reaping billions of dollars in profits from 

Paxil, Wellbutrin, and Avandia.  As we now know, the company was involved in covering up 

scientific data, offering illegal kickbacks to prescribing physicians, intimidating witnesses, and 

defrauding Medicare to profit from these medicines.  In the wake of Congressional hearings into 

the company’s outrageous misbehavior,97 GSK’s actions resulted in a criminal investigation and 

the then-largest guilty plea by a pharmaceutical company for fraud and failure to report safety data 

in the country’s history.98  There is currently an open investigation of GSK and Sanofi being 

conducted by the Department of Justice relating to the failure to disclose to the federal government 

information about the potential presence of NDMA in Zantac.99 

156. GSK attended an FDA Advisory Committee in May 1982 where its representative 

testified and presented evidence relating to the safety of Zantac, including the potential for 

ranitidine to form nitrosamines.  However, GSK failed to disclose its new evidence relating to 

ranitidine and the formation of a nitrosamine, specifically the formation of NDMA.100  

 
96 Jim Edwards, �*�6�.�¶�V�� �$�O�O�H�J�H�G�� �&�R�Y�H�U�X�S�� �R�I�� �%�D�G�� �$�Y�D�Q�G�L�D�� �'�D�W�D���� �$�� �6�Q�D�S�V�K�R�W�� �R�I�� �,�W�V�� �3�R�L�V�R�Q�R�X�V��

Corporate Culture, Moneywatch (July 13, 2010) https://www.cbsnews.com/news/gsks-alleged-

coverup-of-bad-avandia-data-a-snapshot-of-its-poisonous-corporate-culture/. 
97 Staff Report on GlaxoSmithKline and the Diabetes Drug Avandia, Senate Comm. on Finance, 

111th Cong.2d Sess. 1 (Comm. Print Jan. 2010). 
98 U.S. Dep’t of Justice, GlaxoSmithKline to Please Guilty and Pay $3 Billion to Resolve Fraud 

Allegations and Failure to Report Safety Data (July 2, 2012), 

https://www.justice.gov/opa/pr/glaxosmithkline-plead-guilty-and-pay-3-billion-resolve-fraud-

allegations-and-failure-report. 
99 Sanofi, Half-Year Financial Report (2020), https://www.sanofi.com/-/media/Project/One-

Sanofi-Web/Websites/Global/Sanofi-COM/Home/en/investors/docs/2020_07_29_HY_

financial_report_EN.pdf.  
100 GSKZAN0000050413. 
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157. One month later, in June 1982, GSK submitted its draft Summary Basis of Approval 

and labeling for Zantac.  Again, GSK failed to submit or otherwise disclose its new evidence 

relating to ranitidine and the formation of NMDA.101  

158. In its submission to the FDA, GSK discussed its findings from internal studies 

performed in 1980 that ranitidine formed a different nitrosamine, n-nitroso-nitrolic acid, a potent 

mutagen, but explained that these results had no “practical clinical significance”102: 

 

159. In 1980 – before Zantac was approved by the FDA – GSK conducted another study 

to examine, among other things, how long-term use of ranitidine could affect the levels of nitrite 

in the human stomach.103  Remarkably, GSK admitted that ranitidine use caused the proliferation 

of bacteria in the human stomach that are known to convert nitrates to nitrites, which leads to 

elevated levels of nitrite in the stomach environment.  GSK acknowledged this could increase the 

risk of forming nitrosamines and, in turn, cancer, but then dismissed this risk because people were 

allegedly only expected to use Ranitidine-Containing Products for a short-term period: 

 
101 GSKZNDAA0000071900. 
102 Excerpted from the Summary Basis of Approval submitted to the FDA to obtain approval of 

Zantac in the early 1980s.  This document was obtained through a Freedom of Information Act 

request to the FDA.  
103 The results of this study are discussed in the Summary Basis of Approval, obtained from the 

FDA. 
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160. GSK knew – and indeed specifically admitted – that ranitidine could react with 

nitrite in the human stomach to form nitrosamines and, at the same time, that long-term use of 

ranitidine could lead to elevated levels of nitrite in the human stomach.  GSK also knew, but did 

not disclose, that it had new evidence showing that NDMA was generated by ranitidine under 

certain conditions.  

161. In response to Dr. de Flora’s findings, in 1982, GSK conducted a clinical study 

specifically investigating gastric contents in human patients.104  The study, in part, specifically 

measured the levels of N-Nitroso compounds in human gastric fluid.  GSK indicated that there 

were no elevated levels, and even published the results of this study five years later, in 1987.  The 

study, however, was flawed.  It did not use gold-standard mass spectrometry to test for NDMA, 

but instead, used a process that could not measure N-nitrosamines efficiently.  And worse, in the 

testing it did do, GSK refused to test gastric samples that contained ranitidine in them out of 

concern that samples with ranitidine would contain “high concentrations of N-nitroso compounds 

being recorded.”105  In other words, GSK intentionally engineered the study to exclude the very 

samples most likely to contain a dangerous carcinogen.  

162. Given the above information that was disclosed relating to the nitrosation potential 

 
104 Thomas et al., �(�I�I�H�F�W�V���R�I���2�Q�H���<�H�D�U�¶�V���7�U�H�D�W�P�H�Q�W���Z�L�W�K���5�D�Q�L�W�L�G�L�Q�H���D�Q�G���R�I���7�U�X�Q�F�D�O��Vagotomy on 

Gastric Contents, 6 Gut. Vol. 28, 726–38 (1987). 
105 Id. 



 

65 

 

and formation of nitrosamines, it is shocking that GSK conducted an internal study to assess the 

formation of NDMA and found that ranitidine, when exposed to sodium nitrite, formed hundreds 

of thousands of nanograms of NDMA.  The GSK study was never published or disclosed to the 

public. 

163. In 1983, the same year GSK started marketing Zantac in the United States, seven 

researchers from the University of Genoa published a study discussing ranitidine and its genotoxic 

effects (ability to harm DNA).106  The researchers concluded “it appears that reaction of ranitidine 

with excess sodium nitrite under acid conditions gives rise to a nitroso-derivative (or derivatives) 

[like NDMA] capable of inducing DNA damage in mammalian cells.”  Id. 

164. Then, again in 1983, Dr. de Flora, along with four other researchers, published their 

complete findings.107  The results “confirm our preliminary findings on the formation of genotoxic 

derivatives from nitrite and ranitidine.”  Again, the authors noted that, “the widespread clinical use 

[of ranitidine] and the possibility of a long-term maintenance therapy suggest the prudent adoption 

of some simple measures, such as a diet low in nitrates and nitrites or the prescription of these anti-

ulcer drugs at a suitable interval from meals.”  This admonition carries weight considering GSK’s 

studies indicate that long-term ranitidine consumption, itself, leads to elevated levels of nitrites in 

the human gut. 

165. In addition, as multiple Defendants have noted in internal documents and recent 

submissions to regulatory authorities, a mechanism for ranitidine to form NDMA  

 

 
106 Maura et al., DNA Damage Induced by Nitrosated Ranitidine in Cultured Mammalian Cells, 

18 Tox. Lttrs. 97-102 (1983). 
107 De Flora et al., Genotoxicity of Nitrosated Ranitidine, 4 Carcinogenesis 3, 255-60 (1983). 
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108  Therefore, this potential mechanism was disregarded.  

166.  
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167. However, in 1985 GSK 
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108 SANOFI_ZAN_MDL-0000033849-SANOFI_ZAN_MDL_0000033891, at SANOFI_ZAN_

MDL_0000033873. 
109 GSKZNDAA0000072103-GSKZNDAA0000072128. 
110 GSKZAN0000369313,  

 
111 GSKZNDAA0000636549. 
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168. The high instability of the ranitidine molecule was elucidated in scientific studies 

investigating ranitidine as a source of NDMA in drinking water and specific mechanisms for the 

breakdown of ranitidine were proposed.112  These studies underscore the instability of the NDMA 

group on the ranitidine molecule and its ability to form NDMA in the environment of water-

treatment plants that supply many U.S. cities with water. 

169. In 2002, researchers conducted a controlled study to evaluate the concentration of 

nitrosamines, including NDMA, in the gastric fluid and urine in children with gastritis before and 

after four to six weeks of treatment with ranitidine.  The study reported statistically significant 

increases in the nitrosamine concentration, including NDMA, in the gastric juice and urine in 

93.3% of children after taking ranitidine for only four weeks.  The researchers noted that 

nitrosamines belong to the most potent known carcinogens and no organisms have been found that 

would be resistant to the harmful effects, that neoplastic lesions induced by nitroso compounds 

may develop in any organ, and that nitrosamines induced a wide spectrum of tumors in studies 

using animal models.  In addition, the authors noted specifically that NDMA induced similar 

symptoms of acute poisoning in humans and animals.  They advised that prophylactic measures to 

avoid nitrosamine formation include a diet high in fruits and inclusion of ascorbic acid as well as 

limiting intake of processed meat.  The conclusion was that ranitidine should only be 

 
112 Le Roux et al., NDMA Formation by Chloramination of Ranitidine: Kinetics and Mechanism, 

46 Envtl. Sci. Tech. 20, 11095-103 (2012). 
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recommended in children after careful consideration.113   

170. Despite the direct evidence that children taking ranitidine were being exposed to 

dangerously high levels of carcinogenic nitrosamines including NDMA, Defendants recklessly 

continued to market and promote Zantac and/or ranitidine as safe and effective for children.  

171. Similarly, in 2016, researchers at Stanford University conducted an experiment on 

healthy adult volunteers.  They measured the NDMA in urine of healthy individuals over the course 

of 24 hours, administered one dose of ranitidine, and then measured the NDMA in the urine of the 

same individuals for another 24 hours.  The study reported that on average, the level of NDMA 

increased by 400 times, to approximately 47,000 ng.  The only change during that 24-hour period 

was the consumption of ranitidine.  In the study, the scientists further explained that previous 

studies have indicated a high metabolic conversion rate of NDMA, meaning it will be processed 

by the human body.  This study showed that ranitidine generates NDMA in the human body.114 

172. Valisure is an online pharmacy that also runs an analytical laboratory that is ISO 

17025 accredited by the International Organization for Standardization (“ISO”) – an accreditation 

recognizing the laboratories technical competence for regulatory purposes.  Valisure’s mission is 

to help ensure the safety, quality, and consistency of medications and supplements in the market.  

In response to rising concerns about counterfeit medications, generics, and overseas 

manufacturing, Valisure developed proprietary analytical technologies that it uses in addition to 

 
113 Krawczynski, et al. Nitrosamines in Children with Chronic Gastritis, Journal of the Polish 

Pediatric Society (GSKZAN0000235261). 
114 Zeng et al., Oral intake of Ranitidine Increases Urinary Excretion of N-nitrosodimethylamine, 
37 Carcinogenesis 625–34 (2016).  While this study was recently retracted due to errors in its 

testing method, its publication put Defendants on notice that ranitidine forms NDMA, particularly 

when subjected to heat, posing a risk of harm to those who consume it, and thus should have 

prompted Defendants to conduct thorough research and analysis on that issue (including testing 

their pills using gas chromatography-mass spectrometry).   
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FDA standard assays to test every batch of every medication it dispenses. 

173. In its September 9, 2019, Citizen’s Petition to the FDA, 115 Valisure disclosed as 

part of its testing of Ranitidine-Containing Products that in every lot tested there were exceedingly 

high levels of NDMA.  Valisure’s ISO 17025 accredited laboratory used FDA recommended 

GC/MS headspace analysis method FY19-005-DPA for the determination of NDMA levels.  As 

per the FDA protocol, this method was validated to a lower limit of detection of 25 ng.116  The 

results of Valisure’s testing show levels of NDMA well above 2 million ng per 150 mg Zantac 

tablet, shown below in Table 1. 

Table 1 – Ranitidine Samples Tested by Valisure Laboratory Using GC/MS Protocol 

150 mg Tablets or equivalent  Lot #  NDMA per tablet (ng)  

Reference Powder 125619  2,472,531  

Zantac, Brand OTC  18M498M  2,511,469  

Zantac (mint), Brand OTC  18H546  2,834,798  

Wal-Zan, Walgreens  79L800819A  2,444,046  

Wal-Zan (mint), Walgreens  8ME2640  2,635,006  

Ranitidine, CVS  9BE2773  2,520,311  

Zantac (mint), CVS  9AE2864  3,267,968  

Ranitidine, Equate  9BE2772  2,479,872  

Ranitidine (mint), Equate  8ME2642  2,805,259  

Ranitidine, Strides  77024060A  2,951,649  

 

174. This testing by GC-MS demonstrates the instability of the ranitidine molecule and 

its propensity to break down under higher temperatures.  

 
115 Valisure, Citizen Petition on Ranitidine (Sept. 9, 2019), available at https://www.valisure.com/

wp-content/uploads/Valisure-Ranitidine-FDA-Citizen-Petition-v4.12.pdf. 
116 U.S. Food & Drug Admin., Combined N-Nitrosodimethlyamine (NDMA) and N-

Nitrosodiethylamine (NDEA) Impurity Assay, FY19-005-DPA-S (Jan. 28, 2019). 
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175. Valisure was concerned that the extremely high levels of NDMA observed in its 

testing were a product of the modest oven heating parameter of 130 °C in the FDA recommended 

GC/MS protocol.  So Valisure developed a low temperature GC/MS method that could still detect 

NDMA but would only subject samples to 37 °C, the average temperature of the human body.  

This method was validated to a lower limit of detection of 100 ng. 

176. Valisure tested ranitidine tablets by themselves and in conditions simulating the 

human stomach.  Industry standard “Simulated Gastric Fluid” (“SGF”: 50 mM potassium chloride, 

85 mM hydrochloric acid adjusted to pH 1.2 with 1.25 g pepsin per liter) and “Simulated Intestinal 

Fluid” (“SIF”: 50 mM potassium chloride, 50 mM potassium phosphate monobasic adjusted to pH 

6.8 with hydrochloric acid and sodium hydroxide) were used alone and in combination with 

various concentrations of nitrite, which is commonly ingested in foods like processed meats and 

is elevated in the stomach by antacid drugs.  The inclusion of nitrite in gastric fluid testing is 

commonplace and helps simulate the environment of a human stomach.  

177. Indeed, Ranitidine-Containing Products were specifically advertised to be used 

when consuming foods containing high levels of nitrates, such as tacos or pizza.117   

178. The results of Valisure’s tests on ranitidine tablets in biologically relevant 

conditions demonstrate significant NDMA formation under simulated gastric conditions with 

nitrite present, demonstrating proof of concept. (see Table 2).  

Table 2 – Valisure Biologically Relevant Tests for NDMA Formation 

Ranitidine Tablet Studies    NDMA (ng/mL)  NDMA per tablet (ng)  

Tablet without Solvent  Not Detected  Not Detected  

 
117 See, e.g., Zantac television commercial, Family Taco Night, https://www.ispot.tv/ad/dY7n/ 

zantac-family-taco-night; Zantac television commercial, Spicy, https://youtu.be/jzS2kuB5_wg; 

Zantac television commercial, Heartburn, https://youtu.be/Z3QMwkSUlEg; Zantac television 

commercial, Zantac Heartburn Challenge, https://youtu.be/qvh9gyWqQns.    
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Tablet  Not Detected  Not Detected  

Simulated Gastric Fluid (“SGF”)  Not Detected  Not Detected  

Simulated Intestinal Fluid (“SIF”) Not Detected  Not Detected  

SGF with 10 mM Sodium Nitrite  Not Detected  Not Detected  

SGF with 25 mM Sodium Nitrite  236  23,600  

SGF with 50 mM Sodium Nitrite  3,045  304,500  

 

179. Following the release of Valisure Citizen’s Petition, the FDA conducted additional 

laboratory tests, which showed NDMA levels in all ranitidine samples it tested, including API and 

the finished drug, both tablets and syrup.  The FDA developed SGF and SIF models to use with 

the LC-MS testing method to estimate the biological significance of in vitro findings.  These 

models are intended to detect the formation of NDMA in systems that approximate the stomach 

and intestine. 

180. When the scientific data is assessed overall, the literature demonstrates that the 

ingestion of ranitidine already containing NDMA combined with the presence of human-relevant 

levels of nitrite in the stomach – a substance that is commonly found in foods that induce heartburn 

and that is known to be elevated in people taking ranitidine for longer than a month – the ranitidine 

molecule transforms into more NDMA which would dramatically increase a person’s risk of 

developing cancer.  

3. Formation of NDMA in Other Organs of the Human Body 

181. In addition to the gastric fluid mechanisms investigated in the scientific literature, 

Valisure identified a possible enzymatic mechanism for the liberation of ranitidine’s DMA group 

via the human enzyme dimethylarginine dimethylaminohydrolase (“DDAH”), which can occur in 

other tissues and organs separate from the stomach. 

182. Valisure explained that liberated DMA can lead to the formation of NDMA when 

exposed to nitrite present on the ranitidine molecule, nitrite freely circulating in the body, or other 
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potential pathways, particularly in weak acidic conditions such as that in the kidney or bladder.  

The original scientific paper detailing the discovery of the DDAH enzyme in 1989 specifically 

comments on the propensity of DMA to form NDMA: “This report also provides a useful 

knowledge for an understanding of the endogenous source of dimethylamine as a precursor of a 

potent carcinogen, dimethylnitrosamine [NDMA].”118 

183. Valisure reported as illustrated in Figure 2, below, computational modelling 

demonstrates that ranitidine (shown in green) can readily bind to the DDAH-1 enzyme (shown as 

a cross-section in grey) in a manner similar to the natural substrate of DDAH-1 known as 

asymmetric dimethylarginine (“ADMA,” shown in blue).  

 

184. Valisure reported that these results suggest that the enzyme DDAH-1 increases 

 
118 Ogawa, et al., supra note 91.. 

Figure 2 – Computational Modelling of Ranitidine Binding to DDAH-1 Enzyme 
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formation of NDMA in the human body when ranitidine is present; therefore, the expression of 

the DDAH-1 gene is useful for identifying organs most susceptible to this action.  

185. Figure 3 below, derived from the National Center for Biotechnology Information, 

illustrates the expression of the DDAH-1 gene in various tissues in the human body.  

 

186. DDAH-1 is most strongly expressed in the kidneys but also broadly distributed 

throughout the body, such as in the brain, colon, liver, small intestine, stomach, bladder, and 

prostate.  Valisure noted that this offers both a general mechanism for NDMA formation in the 

human body from ranitidine and specifically raises concern for the effects of NDMA on numerous 

organs. 

187. The possible enzymatic reaction of ranitidine to DDAH-1, or other enzymes, 

suggests that high levels of NDMA can form throughout the human body.  Indeed, ranitidine 

metabolizes and circulates throughout the human body, crossing the placental and blood-brain 

barrier, within 1-2 hours.  When ranitidine interacts with the DDAH-1 enzyme in various organs 

Figure 3 – Expression levels of DDAH-1 enzyme by Organ 
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throughout the body, it breaks down into NDMA.  This observation is validated by the Stanford 

study, discussed above.   

4. Formation of NDMA by Exposure to Heat, Moisture, and/or Time 

188. The risk of creating NDMA by exposing ranitidine to heat has been well-known 

and documented.  Early studies, including the one conducted by GSK in the early 1980s, 

demonstrated that nitrosamines were formed when ranitidine was exposed to heat.  This point was 

underscored in the Valisure petition, which initially used a high heat testing method. 

189. In response to Valisure, on October 2, 2019, the FDA recommended that 

researchers use the LC-HRMS protocol for detecting NDMA in ranitidine because the “testing 

method does not use elevated temperatures” and has been proven capable of detecting NDMA. 

190. On January 2, 2020, Emery Pharma, an FDA-certified pharmaceutical testing 

laboratory, conducted a series of tests on ranitidine.  The researchers exposed ranitidine to 70 ⸰C 

for varying periods of time.  The results showed that increasing levels of NDMA formed based on 

exposure to heat.  As reported by Emery Pharma, the following diagram reveals how NDMA 

accumulates over time when exposed to 70 ⸰C: 

 






















































































































































































































































































































































































































































































































































































































































































































